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Imaging hemidiaphragmatic injury
Abstract The supine chest
radiograph is the initial and most
commonly performed imaging study
to evaluate the thorax after trauma.
Whenever the chest radiograph is
equivocal or suspicious for acute
diaphragmatic injury (DI), computed
tomography (CT) is usually the next
study of choice since it is both
generally available and often used to
examine other body regions in the
patient after trauma. CT is usually
diagnostic, particularly if supple-
mented by multiplanar reformation
(MPR) obtained using thin-slice axial
scanning and overlapping images for
reformations. Magnetic resonance
imaging (MRI) is potentially useful to
assess the diaphragm if CT findings
are indeterminate and the patient is
stable enough to have the procedure.
Simple T1-weighted spin-echo images
in the sagittal and coronal orientation
are usually sufficient to establish or
exclude DI. This article reviews
imaging modalities and strategies for
diagnosing DI from blunt trauma.
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Overview of diaphragm injury (DI)
The diagnosis of DI is often missed, since distinct clinical
and radiologic signs may both be absent or subtle. In most
cases, injuries to the diaphragm are not seen in isolation and
there are often concurrent injuries involving the solid
abdominal organs, pelvis, central nervous system, and
mediastinum that may divert attention from DI [1–3].
Detection of DI is often challenging both clinically and by
imaging. A careful review of the literature indicates that the
majority of DI is caused by penetrating trauma (penetrating:
blunt trauma=2:1) [3–6]. DI occurs in 6% of patients
following major blunt force trauma to the lower chest or
abdomen and is found in from3 to 8%of patients undergoing
emergency celiotomy for blunt abdominal trauma [7–16].
The supine chest radiography serves as the initial screening
study performed to evaluate the diaphragm, but is, in many
centers, being replaced by multi-detector computed tomog-
raphy (MDCT) survey of the entire torso. Studies based on
conventional single-slice CT have reported poor accuracy in
diagnosing DI [17, 18]. However, more recent literature
indicates that the capacity to obtain high quality axial images
with coronal and sagittal MPR using helical or particularly
MDCT has improved accuracy [19–23].
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There are several postulates of the mechanism of DI in
blunt trauma. These include avulsion of the diaphragm
attachments, shearing effects from lateral impact to the
chest wall, rib fracture fragments penetrating the dia-
phragm, and sudden transmission of force through the
abdominal viscera acting as a hydrodynamic fluid leading
to disruption [17]. The dominance of left-sided over right-
sided rupture has been attributed to the protection of the
right hemidiaphragm by the liver. The liver in close
proximity to the right diaphragm prevents transmission of
increased intra-abdominal pressure directly to the dia-
phragm, with the liver acting as a buffer. Experimental
studies also suggest that the right hemidiaphragm is
mechanically stronger than the left and requires a larger
force to disrupt it [8, 17, 24].
Reiff et al. [25] have shown that DI is more likely to
occur (P<0.0001) in motor vehicle impacts that involve
significant occupant compartment intrusion (70.6 cm
versus 48.3 cm) and high velocity changes (48.8 km/h
versus 33.9 km/h) compared with impacts without DI. The
majority of DI diagnosed preoperatively following blunt
trauma are more than 10 cm in length, but up to 84% of the
diaphragm tears from penetrating injuries are less than
2 cm in length [24]. A positive pressure gradient of 7–
20 cm of water exists between the peritoneal and pleural
spaces, which facilitates herniation of abdominal viscera
through a traumatic diaphragm defect [26].
Injury location
A congenital weakness existing along the embryonic
fusion of the costal and lumbar parts of the diaphragm
predisposes this site to injury [27, 28]. Blunt left-sided
hemidiaphragmatic injuries are usually located at the
postero-lateral aspect of the hemidiaphragm between the
spleen and the abdominal aorta and extend medially in a
radial orientation towards the central tendon. Left-sided DI
occurs two to three times more commonly than right-sided
injuries following blunt trauma [8, 11, 28], although some
of this difference is related to underdiagnosis of right-sided
injuries. An equal incidence of left and right-sided DI is
seen from penetrating trauma and among blunt trauma
victims who die before reaching definitive medical care [3–
5]. Bilateral hemidiaphragm injuries are uncommon,
reported in 2–6% of patients with DI [4, 15, 24]. Patients
with right-sided hemidiaphragm rupture have higher pre-
Fig. 1 Collar sign. Anteroposterior radiograph of blunt trauma
patient shows a focal constriction in the gastric body (arrow) with
fundus projecting into the lower left hemithorax
Fig. 2a, b Left hemidiaphragm eventration. a Chest radiograph of
blunt trauma patient reveals a markedly elevated, but smoothly
contoured apparent left hemidiaphragm. The heart and mediastinum
are displaced to the right, but there is no evidence of pleural
effusion. b A coronal multiplanar reformatted (MPR) image shows a
smooth rounded diaphragm contour without evidence of disruption.
The appearance is typical of diaphragm eventration
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hospital mortality resulting from the greater impacting
force required to produce a right DI [3, 7, 8, 24, 28, 29].
The apparent low incidence of right-side DI in clinical
studies has been attributed to the mass of the liver
preventing transmission of high intraabdominal pressure
to the right hemidiaphragm, and the subtlety of radiologic
signs of right hemidiaphragm rupture, especially without
concurrent herniation of abdominal viscera. Experimental
studies consistently indicate that greater force is required to
rupture the right hemidiaphragm than the left. The stomach
and colon are most often herniated on the left and the liver
dome on the right.
Associated injuries
The location of the diaphragm and its proximity to adjacent
intrathoracic and intraabdominal organs accounts for
associated injuries, which occur in 52–100% of patients
[1, 7, 11, 15, 29, 31]. Intrathoracic injuries such as
pneumohemothoraces and multiple rib fractures are seen in
90% of patients with blunt DI [17, 30, 31]. Meyers et al. [9]
reported a 5% incidence of aortic injury in 68 patients with
diaphragm rupture at a level I trauma center. Common
associated intraabdominal injuries involve the spleen, in
27–60% of cases, and liver in 93% of patients with right
and 24% of patients with left-sided diaphragm ruptures [1,
7, 15, 16]. Other common concurrent extrathoracic and
extraabdominal injuries include pelvic fractures (40–55%),
long bone fractures (45–85%), and closed head injury (25–
55%) [9, 32].
Imaging of the DI
Chest radiography
Chest radiography is the initial and most commonly
performed imaging study to evaluate the diaphragm
following trauma, although this practice is declining with
increasing use of MDCT screening of the chest after blunt
trauma. There are two diagnostic radiographic findings of
diaphragmatic rupture with concurrent visceral herniation.
The first is herniation of abdominal viscera above the
hemidiaphragm into the lower hemithorax in the setting of
trauma and/or a focal constriction of the herniated mass at
the site of the diaphragm tear, producing circumferential
compression (“collar sign”) (Fig. 1). Nonspecific chest
radiographic findings suggestive of DI on chest radiogra-
phy include obliteration or distortion of the diaphragm
contour, pleural effusion, apparent hemidiaphragm eleva-
tion), air-fluid levels in the lower thorax, and contralateral
mediastinal shift. Often these nonspecific radiologic signs
result from other traumatic and non-traumatic lung base
pathology, including atelectasis, effusion, pulmonary con-
tusion, post-trauma pneumatoceles, loculated pneumotho-
rax, aspiration pneumonia, phrenic nerve palsy, segmental
or total congenital eventration of the hemidiaphragm
(Fig. 2), gastric dilatation, and subphrenic fluid collections.
These findings can either mask or mimic signs of DI and
visceral herniation.
Initial chest radiographs are normal or nonspecific in
20–50% of patients with DI. This may account for the great
variability (7–66%) of initially missed DI seen in
polytrauma patients reported in the literature [3, 24, 30,
31, 33, 34]. Admission radiographs are diagnostic in 27–
62% of patients with left-sided and in 18–33% of cases
with right-sided injuries [1, 17, 26, 35, 36]. Chest
radiographs are suggestive but not diagnostic in another
18% of cases [22, 33]. Serial chest radiographs are often
useful. As concurrent trauma related acute pulmonary
abnormalities in the lower thorax resolve, findings of DI
may become more evident on radiographis obtained in the
subacute or chronic phase. The diagnosis of DI may be
delayed for patients receiving positive pressure ventilatory
support, since the natural pressure gradient across the
pleuro-peritoneal cavity is abolished or reversed and
visceral herniation may not occur until positive pressure
ventilator support is terminated [17, 31].
Table 1 MDCT protocols
MDCT Contrast
volume





16-slice 150 ml 300 mg/ml 90 ml-6 ml/s Bolus proa 0.75 mm 0.938 0.5 s Ascending aorta
60 ml-4 ml/s
40-slice <50 years 100 ml 350 mg/ml N.saline 50 ml-6 ml/s 18 s 0.625 mm 0.976 0.5 s Ascending aorta
50 ml-4 ml/s
50 ml-5 ml/s







Conventional CT has a variable sensitivity of 14–61% and
specificity of 76–99% for diagnosing diaphragm rupture
[6, 13, 32, 33, 35]. Limitations of conventional CT include
difficulty in visualizing the entire dome-shaped diaphragm
on axially oriented images, low-resolution sagittal and
coronal reformatted images performed with 8–10 mm axial
slice thickness, and difficulty differentiating the diaphragm
from adjacent pulmonary pathology or normal soft tissue
structures. Spiral CT, particularly with multiple detectors,
can overcome these limitations through use of thin-slice
collimation and slice overlap to optimize z-axis resolution,
the capacity to obtain large volumes of data during a single
breath hold, and decreased motion and misregistration
artifacts [37, 38]. The authors currently use MDCT-16 and
MDCT-40 to study most acute trauma patients using the
“whole body” protocol shown in Table 1. Currently, many
commercial computer systems are available to render
images in multiple planes using various techniques.
Reconstructed images are routinely obtained in patients
with chest radiographic findings suspicious for DI,
abnormally elevated hemidiaphragms on axial MDCT,
and major injuries to the upper abdomen or lower chest.
Using these data, three-dimensional (3D), sagittal and
coronal MPR images are obtained at 2-mm intervals. This
technique yields high spatial resolution axial, MPR, and 3D
images to assess diaphragm contour and its relationship to
the abdominal viscera [38, 39]. Patients presenting with
suspicious findings for DI by chest radiography in the
subacute or chronic posttrauma period, are scanned using
the same collimation and pitch following administration of
intravenous contrast material.
Blunt trauma
Since blunt DI is highly associated with torso injuries, the
majority of hemodynamically stable patients with blunt DI
will require a CT examination soon after admission to
evaluate sites and extent of coexisting thoraco-abdominal
injuries. Diagnostic CT signs of diaphragm injury include a
defect in the continuity of the diaphragm or crus (Fig. 3)
and a waist-like constriction of abdominal viscera or
omentum at the site of herniation as seen on axial or
reformatted CT images, the CT “collar sign” (Figs. 4, 5).
Other CT signs include herniation of abdominal viscera or
omentum into the thoracic cavity through a diaphragm
disruption (Figs. 3, 4, 5, 6), and thickening of the
diaphragm as a result of edema or hematoma.
Studies using conventional CT report that direct visual-
ization of a diaphragm defect is the most sensitive CT
finding in 71–73% of patients with diaphragm rupture [40].
The CT “collar sign” has been reported as 100% specific,
but with a limited sensitivity of 27–36% for diagnosing DI
[33, 40]. The authors performed a retrospective study [19]
to determine sensitivity and specificity of single-slice spiral
CT in diagnosing blunt diaphragm injury. Spiral CT was
performed on 41 patients (32 had left hemidiaphragm
injuries, ten right and one patient with bilateral hemidia-
phragm injury) with chest radiographic findings suspicious
for DI. Unlike previous studies, in this study the most
common CT finding of diaphragmatic rupture was the CT
“collar sign” with a sensitivity of 63% and specificity of
100%. A defect in the crus or diaphragm was only 22%
Fig. 3a, b CT of a direct diaphragm disruption. a Coronal MPR
image in blunt trauma victim shows direct discontinuity in the left
hemidiaphragm (arrows) with herniation of abdominal fat into the
thoracic cavity. Also note extension of fat through the chest wall.
b Sagittal MPR of same injury
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sensitive to detect left-sided DI [19]. Reformatted coronal
and sagittal images were especially helpful for detection of
subtle right-sided visceral herniation and to delineate the
diaphragm outline. Reformatted spiral CT was useful to
exclude the diagnosis in 17 patients with chest radiographic
findings suspicious for acute DI. Overall, single-slice spiral
CT was 78% sensitive for left and 50% sensitive for right
hemidiaphragm rupture and was 100% specific for both
right and left-sided injuries. Spiral CT failed to diagnose DI
when there was no associated visceral herniation.
Another CT sign that is useful for diagnosing rupture of
the diaphragm is the “dependent viscera sign” (Figs. 4, 5, 6,
7). Normally, the abdominal viscera are held off the
posterior chest wall by the support of the intact
hemidiaphragms. If there is a tear in the diaphragm with
herniation of the viscera into the thorax the visceral will fall
directly onto the posterior chest wall in the supine patient.
The dependent viscera sign is present when the upper one-
third of the liver abuts the posterior ribs on the right or if the
stomach, spleen, or bowel abut the left posterior ribs. In this
way, rupture with visceral herniation can be diagnosed
from axial CT images without directly imaging the
diaphragm rent or edges of the tear. This sign was initially
described by Bergin et al. [22] in ten patients. The
dependent viscera sign was seen on CT in 100% of patients
with left-sided and 83% of patients with right-sided
rupture. Detection of diaphragmatic rupture was 90%
using the dependent viscera sign with complete inter-
observer agreement [22]. A study performed by Nchimi et
al. [42] assessed CT findings in 179 blunt trauma patients,
including 11 with left-sided and five with right-sided
diaphragm rupture. The presence or absence of 11
Fig. 4a–d Small bowel herniation after straining for bowel
movement. a The patient developed nausea and vomiting a few
hours after straining at bowel movement. The CT image shows
small bowel loop herniated across left hermidiaphragm with collar
sign at level of tear. Fluid distends herniated bowel loop. b Coronal
and c sagittal MPRs show obstructed herniated small bowel with
collar sign. Note on sagittal MPR contact of bowel loop with
posterior thoracic wall. d Axial image confirms small bowel
obstruction
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previously reported CT signs of rupture were tabulated.
Strong predictors of diaphragm rupture (P<0.001) included
(1) direct discontinuity, (2) segmental non-recognition of
the diaphragm, (3) intrathoracic visceral herniation, (4)
elevation of the hemidiaphragm, and (5) combined hemo-
thorax and hemoperitoneum. A combination of the first
three signs was 100% sensitive [41].
Right-sided blunt DI In a study focusing on right-sided
blunt DI conducted at our trauma center, the authors found
variants of the collar sign, the “hump” sign and “band”
sign (Figs. 8, 9), were also useful for diagnosis. The axial
nature of CT makes diagnosis of diaphragm rupture
difficult along the horizontal portion. MPR in the coronal
and sagittal plane are often degraded by motion. Initially,
in our practice, CT of the lower chest and abdomen
appeared of limited value due to patient and diaphragm
motion, volume averaging, and poor z-axis resolution. The
advent of spiral CT and particularly MDCT has improved
accuracy for both left- and right-sided injury. The use of
thin slice profile (2.5 mm MDCT-4 or 0.75 mm MDCT-
16), pitch of 0.75 or 0.625 and 1–2 mm MPR in the
coronal and sagittal plane optimize injury detection. Major
CT findings include diaphragm discontinuity, extension of
abdominal contents above the diaphragm, a “collar sign”
(bowel constriction at the point of the herniation), and the
dependent viscera sign. Most right-sided DI is associated
with chest and abdominal visceral injuries.
A retrospective study was performed by Rees and
Mirvis [20] involving 12 patients with surgically verified
Fig. 5a, b CT collar sign. a
Coronal volume-rendered image
shows distinct collar sign
(arrow). b Sagittal volume-ren-
dered image shows collar sign
and contact of the stomach
directly with the posterior chest
wall (dependent viscera sign)
Fig. 6 Dependent viscera sign. CT image of trauma patient shows a
soft tissue mass in the posterior medial left inferior thoracic cavity in
direct contact with posterior chest wall (arrow). The medial left
hemidiaphragm is interrupted by the mass. At surgery the superior
pole of the spleen was herniated through a traumatic posterior
medial diaphragm defect
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right diaphragm rupture studied by MDCT (four- or 16-
slice) prior to surgery. Sagittal and coronal MPR was
performed in all cases. Studies were analyzed retro-
spectively for signs of right DI, including direct diaphragm
discontinuity, the “collar sign”, the “dependent viscera
sign”, and intra-thoracic location of herniated abdominal
contents. Among the 12 patients, direct diaphragm
discontinuity was seen in seven (58%) cases, the collar
sign in five (42%), the dependent viscera sign in four
(33%), and transdiaphragmatic herniation of the right
colon and fat in another. Two variants of the collar sign
were identified on high-quality sagittal and coronal MPR.
The first, termed the “hump sign”, is a rounded portion of
liver herniating through the diaphragm forming a hump-
shaped mass, and the second, termed the “band sign”, is a
linear lucency across the liver along the torn edges of the
hemidiaphragm. The hump sign occurred in ten (83%) and
the band sign in four (33%) patients. In this review,
MDCT appeared very useful and superior to single
detector helical CT in the diagnosis of right hemidia-
phragm injury, particularly using sagittal and coronal MPR
images.
Intrapericardial herniation Intrapericardial herniation of
abdominal viscera is a rare occurrence with only 82 cases
described in the literature up to 1999 [42, 43]. Among 60
Fig. 7a–d CT of direct left dia-
phragm tear and dependent
viscera sign. Axial CT images
(a, b) show elevation of the
colon (black curved arrows) and
mesentery (curved white arrow)
and direct defect in the dia-
phragm (straight white arrows).
c Sagittal and d coronal refor-
mations show extent of colon
herniation and mesentery and
also indicate tear in diaphragm
(straight black arrow). Contact
of the colon and mesentery with
the posterior chest wall consti-
tutes the dependent viscera sign
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patients sustaining blunt chest trauma described over a 9-
year period at one trauma center, only two cases involved
rupture through the central tendon into the pericardium. As
might be expected, other major chest and abdominal
injuries typically occur with this lesion. Patients may
develop intrapericardial herniation acutely or subacutely
after the traumatic event or even years following the
trauma. Clinical signs may be related either to bowel
obstruction, (usually colon or stomach) or acute/chronic
cardiac tamponade. Simultaneous disruption of the peri-
cardium and central tendon may permit cardiac luxation
into the peritoneal cavity. The diagnosis can be suggested
by radiographs showing gas shadows superimposed over
the cardiac shadow, although this would more classically
suggest typical left hemidiaphragm rupture and herniation
of gas-containing bowel into the chest. The diagnosis can
be confirmed by a gastrointestinal contrast study or CT
showing abdominal contents confined to the pericardial
sac and displacing the heart.
Limitations of CT
In the authors’ experience, single-slice spiral CT is limited
in its ability to diagnose DI without associated herniation of
intraabdominal viscera. Use of relatively thick sections (5
mm or more) and motion-related artifacts significantly
degrade quality of reformations obtained from single-slice
systems. No DI that occurred without associated visceral
herniation was diagnosed in the authors’ retrospective
study performed using single-detector spiral CT [19]. The
use of axial CT only limits detection of DI since the axial
plane is tangential to the diaphragm dome. The higher the
quality of coronal and sagittal reformations, as generated
by thin and overlapping axial images that are rapidly
acquired, the more useful these views will be toward
establishing or refuting the diagnosis. In the acute setting,
other factors can confound the diagnosis of DI, including
concurrent pulmonary pathology related to trauma and left
lower lobe atelectasis that can significantly elevate and
obscure the left hemidiaphragm. Localized defects occur-
ring mainly in the posterolateral aspect of the left
hemidiaphragm can be seen as a normal variant in up to
6% of asymptomatic adults, especially in elderly females
[23, 40, 44, 45]. The diagnosis of diaphragm rupture
should not be made exclusively based on CT findings of a
“localized defect” in the crus or thickening of the
diaphragm [46]. Injury to organs adjacent to the dia-
phragm, such as the adrenal gland, kidney, liver, spleen or
proximal small bowel, can produce tracking of hemorrhage
or edema along the diaphragm, suggesting primary
diaphragm injury.
Confusion in the diagnosis of DI may also result from
eventration and some congenital or acquired hernias.
Eventration of the diaphragm is an abnormal diaphragm
elevation at a site of weakness that may be caused by
failure of muscle migration into the diaphragm or weakness
of any of the embryonic diaphragmatic components.
Eventration more commonly occurs on the left and more
often involves the posterior hemidiaphragm. The elevated
diaphragm is smoothly contoured and abdominal contents
are confined below the thin, but intact hemidiaphragm
(Fig. 2). A foramen of Bochdalek hernia is caused by a
failure of closure of the pleuroperitoneal hiatus that allows
Fig. 8a–c Hump and band sign
of right hemidiaphragm rupture.
a Axial CT shows a double liver
dome with a low attenuation
band in-between (arrow).
b Coronal and c sagittal MPRs
show a hump of liver paren-
chyma (star) protruding above
the right hemidiaphragm with
indentation of liver (arrow in b)
at edge of torn diaphragm. The
double contour noted in a is due
to axial slice crossing the her-
niated right lobe and subdia-
phragmatic left lobe with the
constricted liver parenchyma
(low-attenuation line) in be-
tween (arrow)
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protrusion of abdominal viscera into the chest. This
abnormality could potentially be diagnosed as a traumatic
rupture in the appropriate clinical setting. The Bochdalek
hernia is five times more common on the left side than on
the right, is rarely seen in adults, but it is the most common
form of hernia in infants.
MDCT
More recent studies utilizing MDCT (four and 16
detectors) indicate that this technology is substantially
better than single-slice helical CT for establishing the
presence of DI [20, 21, 47]. The authors’ experience is that
coronal and sagittal reformatted images are of major benefit
in the CT assessment of the hemidiaphragms in making a
diagnosis of diaphragm tear and for increasing confidence
in establishing or excluding the diagnosis. Our studies
using MDCT for diagnosing blunt traumatic right DI,
described above, have been especially convincing.
Magnetic resonance imaging (MRI)
Routine use of respiratory and cardiac gating with direct
coronal and sagittal MRI helps to optimally visualize the
entire diaphragm [26, 48]. T1-weighted and gradient-echo
sequences display the normal diaphragm as a continuous
hypointense band. Injuries to the diaphragm are seen as
Fig. 9a, b Right hemidiaphragm rupture with hump and band sign.
a Right lateral and b posterior perspective volume rendered CT
images in blunt trauma patient show hump-shaped liver tissue
projecting above plane of diaphragm with low attenuation band
across base of hump (arrows) at level of diaphragm tear
Fig. 10 MRI of right diaphragm rupture. Sagittal MRI through the
right hemidiaphragm in blunt trauma victim shows herniation of the
right lobe of the lever above the level of the diaphragm with focal
indentations in parenchyma at torn edges (arrows). Right lower lobe
atelectasis is posterior to herniated liver
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abrupt defect(s) in the low signal intensity hemidiaphragm.
Herniation of abdominal viscera or omentum through a
diaphragm rupture can be accurately demonstrated by MRI
(Fig. 10) [48]. Currently, at our trauma center, the authors
use T1-weighted sagittal and coronal images to evaluate
the diaphragm in patients presenting with a clinical or
radiologic suspicion of DI when the diagnosis is uncertain
after MDCT with reformations. While gradient-echo
sequences are fast and decrease motion, chemical shift
artifact confuses to the analysis of the diaphragm. Single-
shot fast spine-echo with a short echo, half-Fourier
acquisition, and fast gradient-echo with injection of
gadolinium and fat suppression may also be appropriate
for diaphragm imaging by decreasing motion and allowing
enhancement of atelectasis and pulmonary contusion [23].
Conclusion
Multiple imaging modalities are available for the preoper-
ative diagnosis of DI. Chest radiographs are the initial and
most commonly performed imaging study to evaluate the
diaphragm following trauma. When chest radiography is
indeterminate spiral CT, preferably with multiple detector
rows, is the most appropriate secondary study since the
majority of hemodynamically stable patients with blunt DI
will require admission CT. Thin, overlapping sections and
MPR maximize CT accuracy and should be performed
when DI is suspected prior to admission CT. Multidetector
spiral CT can be anticipated to improve further on the
accuracy of CT to assess for DI, particularly for right-sided
injuries. When CT results remain equivocal, T1-weighted
sagittal and coronal MRI has proven very useful for both
right and left-sided injury.
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